1. Introduction {#sec1-nutrients-10-00989}
===============

The 2004 French dietary guidelines regarding carbohydrates \[[@B1-nutrients-10-00989]\] recommended that this class of macronutrient should contribute 50 to 55% of total energy intake (TEI) and that added sugars should be limited to less than 10% of TEI. A 10% TEI for maximal sugar intake has also been advised in many national dietary recommendations, but is not actually supported by existing data, and expert reports on the health effects of sugars from the European Food Safety Agency (EFSA) 2010 \[[@B2-nutrients-10-00989]\] and the American Institute of Medicine (2002) \[[@B3-nutrients-10-00989]\] concluded that there was insufficient evidence to propose an upper limit level for this class of nutrient.

Since the turn of the millennium, an increasing number of clinical trials, prospective cohort studies, critical reviews, and meta-analyses have incriminated sugars in the pathogenesis of obesity and non-communicable diseases. This encouraged several nutrition and health agencies to revise their dietary recommendations for carbohydrates and sugars. On 20 July 2012, the French Agence nationale de sécurité sanitaire de l'alimentation, de l'environnement, et du travail (ANSES) issued an internal request to conduct the following expert appraisal: ''balance of three macronutrients in daily energy intake''. Within this expert appraisal, the authors of this article were selected as a working group (WG) to assess the scientific evidence linking sugar consumption and health in the adult population. This special report summarizes our conclusions, which were approved by the ANSES Scientific Expert Committee for human nutrition on 25 June 2015.

2. Materials and Methods {#sec2-nutrients-10-00989}
========================

Scope of the Expertise and Strategy
-----------------------------------

A literature search was performed to assess associations between sugar consumption and the most prevalent groups of non-communicable diseases (NCDs), i.e., cardiovascular diseases, obesity, diabetes, dyslipidemia, and gout. The effects of sugars on dental caries were not addressed in the present study since this had been dealt with in the 2010 oral hygiene recommendations by the French National Authority for Health \[[@B4-nutrients-10-00989]\].

We considered carefully whether extrapolating the metabolic effects of the fructose alone to that of sugars, which are generally composed of glucose and fructose in about equivalent amounts, would be valid. We found evidence that ingestion of a protein + lipid meal + 25 g fructose alone, compared to the same protein + lipid meal containing 25 g fructose + 25 g glucose had, of course, different effects on postprandial glucose and insulin, but similar effects on postprandial plasma triglyceride and hepatic lipogenesis \[[@B5-nutrients-10-00989]\]. We also found evidence that consumption of isocaloric diets containing 35% complex carbohydrate and 25% fructose, high fructose corn syrups (HFCS), or glucose increased 24-h blood triglycerides by 4.7, 1.8, and −1.9 g/L respectively compared to a control 55% complex carbohydrate diet \[[@B6-nutrients-10-00989]\]. Another study reported that the addition of 18% total energy as sucrose, or 18% as HFCS, or 9% as fructose led to similar increases in body weight, blood triglycerides, total cholesterol, and blood pressure compared to baseline values \[[@B7-nutrients-10-00989]\]. Some studies, however, reported similar postprandial triglyceride responses after the ingestion of sucrose or glucose: fructose mixtures than after the ingestion of an isomolar amount of fructose alone \[[@B8-nutrients-10-00989]\]. We therefore estimated that extrapolating the effect of a given amount of dietary fructose to that of twice the same as fructose was approximate, but nonetheless, felt it was justified if it was the sole way to define thresholds relating sugar intake and metabolic outcomes.

We agreed that the existence of a link would be retained if there was evidence that sugar consumption increases the incidence of diseases or recognized risk factors for diseases, i.e., for obesity, changes in energy intake (food intake) or energy expenditure (physical activity, energy efficiency) or ectopic lipid deposition in visceral fat or liver cells; for diabetes, pancreatic beta cell dysfunction or hepatic, adipose, and muscle insulin resistance; and for cardiovascular diseases, low HDL cholesterol, high LDL cholesterol, high total- and VLDL-triglyceride, high blood pressure, and hyperuricemia.

In the context of this expertise, we defined sugars as digestible/absorbable monosaccharides (glucose, fructose and galactose) and disaccharides (sucrose, made up of one glucose linked to one fructose, lactose, made up of one glucose linked to galactose, maltose which is a dimer of glucose), or mixtures of fructose and glucose, such as high fructose corn syrups (HFCS). A literature search was performed in two databases (Medline and Scopus) by crossing search terms for overweight/obesity, diabetes/insulin resistance, dyslipidemia/cardiovascular diseases, non-alcoholic fatty liver diseases and uric acid concentrations on one hand and for intake of sugars on the other hand. When selecting search terms for sugars, we agreed upon the facts that (a) sugars' digestion ends up with the absorption of glucose, fructose, and galactose in the blood stream, while starch's digestion ends up with the absorption of glucose only; any specific metabolic effects of sugars are, therefore, likely to be mediated by fructose or galactose; (b) sucrose and fructose--glucose syrups contribute by far the largest part of our sugar intake, and the specific metabolic effect of these sugars is likely to be mediated by fructose; and (c) a major portion of the mechanistic literature available at the time of this expertise concerned pure fructose. We therefore considered that these studies were relevant and that their results could be extrapolated to the fructose component of other sugars.

The literature retrieved initially was screened from article titles and abstracts by two members from the group, and only original human studies and meta-analyses of original human studies were retained. Quality was assessed based, for intervention studies, on study design, presence of an appropriate control, randomization, description of intervention allowing a quantitative assessment of sugars' effects, and appropriate statistical analysis; and for prospective cohort studies, on methods used to assess dietary intake and appropriate adjustment for potential confounders (in particular, body weight, indexes of adiposity, and total energy intake). For meta-analyses, heterogeneity (coefficient *I*~2~) was also taken into consideration. The whole working group consensually made the final selection of articles and classified them into three subgroups according to the following criteria:

Mechanistic studies (studies dealing with underlying mechanisms) consisting of controlled short-duration studies providing information on the specific metabolic effects of sugars vs. other macronutrients, potential pathogenic mechanisms, etc.

Prospective cohort studies (PCSs) that assessed the association between the consumption of sugars or sugar-sweetened beverages and the incidence of cardiometabolic risk factors or cardiovascular or metabolic diseases.

Randomized clinical trials (RCTs) included an intervention focusing on dietary intake of sugars or sugar-sweetened beverages and for which the clinical assessment criteria included weight, body composition, or markers of cardio-metabolic deregulation.

We defined that an association between sugar intake and a disease would be considered relevant to public health if all three of the following propositions were met (1) if mechanistic studies indicate that sugar intake affects known pathophysiological mechanisms leading to diseases, and that the addition of sugar to the diet of healthy or ill subjects leads to metabolic alterations consistent with such effects; (2) if PCSs reveal significant associations between sugar intake and the incidence/prevalence of either diseases or recognized risk factors for diseases. Since many non-communicable diseases (NCDs) are closely associated with obesity, only associations independent of adiposity were considered relevant; and (3) if RCTs involving an intervention on the intake of one or several foods containing sugar show significant effects on recognized risk factors compared to an appropriate control.

3. Results {#sec3-nutrients-10-00989}
==========

3.1. Overweight and Obesity {#sec3dot1-nutrients-10-00989}
---------------------------

### 3.1.1. Mechanistic Studies {#sec3dot1dot1-nutrients-10-00989}

We first searched for evidence that dietary sugars may promote weight gain due to a fructose-induced decrease in energy expenditure. Contrasting with this hypothesis, the ingestion of fructose containing meals is associated with a higher postprandial energy expenditure compared to isocaloric glucose or starch containing meals \[[@B9-nutrients-10-00989],[@B10-nutrients-10-00989],[@B11-nutrients-10-00989],[@B12-nutrients-10-00989],[@B13-nutrients-10-00989],[@B14-nutrients-10-00989],[@B15-nutrients-10-00989],[@B16-nutrients-10-00989],[@B17-nutrients-10-00989]\]. Six studies showed that consumption of a high fructose diet over a 4-day to 12-week period did not change basal and postprandial energy expenditure \[[@B18-nutrients-10-00989],[@B19-nutrients-10-00989],[@B20-nutrients-10-00989],[@B21-nutrients-10-00989],[@B22-nutrients-10-00989],[@B23-nutrients-10-00989]\] We therefore conclude that a fructose-induced decrease in energy expenditure cannot be retained as an obesity promoting effect of sugars.

We next searched for evidence that sugars may increase energy intake by impairing satiety. Few studies involving measurement of the effects of sugars on food intake were retrieved \[[@B24-nutrients-10-00989],[@B25-nutrients-10-00989]\] and relied on single measurements of the effects of sugars as pre-loads on spontaneous food intake. They were, therefore, considered insufficiently accurate to reach conclusions. A small number of studies found that fructose intake is associated with lower anorexigenic and higher orexigenic hormone concentrations in the blood \[[@B8-nutrients-10-00989],[@B26-nutrients-10-00989],[@B27-nutrients-10-00989]\], and with changes in post-ingestive brain responses \[[@B28-nutrients-10-00989]\], but this was considered as only indirect evidence that sugars may promote food intake. We, therefore, conclude that there is insufficient scientific data to draw conclusions on the effects of sugars on satiety.

We also considered the hypothesis that sugars may alter adipose tissue distribution and specifically promote visceral fat accumulation. Few studies have addressed this issue with discordant results \[[@B29-nutrients-10-00989],[@B30-nutrients-10-00989],[@B31-nutrients-10-00989]\]. We, therefore, conclude that the number of high quality, statistically powered studies is too low to permit conclusions.

### 3.1.2. PCSs {#sec3dot1dot2-nutrients-10-00989}

Eight cohort studies prospectively assessed the relationship between the consumption of sugar-sweetened beverages and body weight changes in adults \[[@B32-nutrients-10-00989],[@B33-nutrients-10-00989],[@B34-nutrients-10-00989],[@B35-nutrients-10-00989],[@B36-nutrients-10-00989],[@B37-nutrients-10-00989],[@B38-nutrients-10-00989],[@B39-nutrients-10-00989]\]. All reported a statistically significant, positive association between the consumption of sugar-sweetened beverages and body weight gain. Some of them, however, did not adjust for total energy intake (TEI), and it was, therefore, impossible to know whether the association between the consumption of sugar-sweetened beverages and weight gain persisted at an equal level of total energy intake.

One meta-analysis of 88 PCS reported that consumption of sugars in the form of sugar-sweetened beverages (SSBs) was associated with an increased total energy intake \[[@B40-nutrients-10-00989]\]. In some of the PCS included in this meta-analysis, this increase was even superior to the energy content of the SSB.

### 3.1.3. RCTs {#sec3dot1dot3-nutrients-10-00989}

Several high quality meta-analyses of sugar intervention studies were produced by other investigators and formed the basis of our assessment. They concluded that the addition of sugar to the usual free living diet of adults is associated with a significant increase in body weight, and two of them concluded that subtraction of sugar leads to a decrease in body weight \[[@B41-nutrients-10-00989],[@B42-nutrients-10-00989],[@B43-nutrients-10-00989]\]. One of these meta-analyses also analysed 11 studies in which sugar isocalorically replaced other dietary carbohydrates and concluded that this intervention did not change body weight \[[@B43-nutrients-10-00989]\].

### 3.1.4. Conclusions {#sec3dot1dot4-nutrients-10-00989}

Based on the reviewed literature we conclude that (1) sugars do not decrease thermogenesis and basal metabolism; (2) studies that have evaluated the effects of sugars on satiety have yielded contradictory results, and do not allow to reach conclusions at this time; (3) sugar supplementation, with dietary intake otherwise left ad-libitum, is associated with body weight gain; and (4) epidemiological studies have consistently shown an association between sugar consumption and body weight gain, and between sugar consumption in the form of sugar-sweetened beverages (SSBs) and total energy intake. We conclude that there is an association between dietary sugars and body weight gain, and that it is likely to be explained by excess energy consumption associated with sugar intake.

3.2. Diabetes, Glucose Homeostasis, and Insulin Sensitivity {#sec3dot2-nutrients-10-00989}
-----------------------------------------------------------

### 3.2.1. Mechanistic Studies {#sec3dot2dot1-nutrients-10-00989}

To assess whether dietary sugar intake may be a causal factor for the development of diabetes and impaired glucose tolerance, the working group relied on mechanistic short-term controlled studies in which hepatic and/or whole-body (mainly muscle) insulin resistance were studied. The group identified nine intervention studies in which healthy lean, overweight, or obese subjects received a fructose or sucrose supplement over periods ranging from 7 days to 3 months and had their insulin sensitivity measured by euglycaemic-hyperinsulinaemic clamps \[[@B19-nutrients-10-00989],[@B21-nutrients-10-00989],[@B44-nutrients-10-00989],[@B45-nutrients-10-00989],[@B46-nutrients-10-00989],[@B47-nutrients-10-00989],[@B48-nutrients-10-00989],[@B49-nutrients-10-00989],[@B50-nutrients-10-00989]\]. Fructose supplementation did not decrease whole-body insulin-mediated glucose transport, corresponding mainly to muscle insulin sensitivity \[[@B19-nutrients-10-00989],[@B21-nutrients-10-00989],[@B44-nutrients-10-00989],[@B45-nutrients-10-00989],[@B46-nutrients-10-00989],[@B47-nutrients-10-00989],[@B49-nutrients-10-00989],[@B50-nutrients-10-00989]\] with the exception of one study performed in middle-aged subjects with metabolic syndrome \[[@B48-nutrients-10-00989]\]. In contrast, fructose significantly decreased hepatic insulin sensitivity in four \[[@B21-nutrients-10-00989],[@B46-nutrients-10-00989],[@B47-nutrients-10-00989],[@B51-nutrients-10-00989]\] out of five studies that incorporated this measurement \[[@B19-nutrients-10-00989],[@B21-nutrients-10-00989],[@B46-nutrients-10-00989],[@B47-nutrients-10-00989],[@B51-nutrients-10-00989]\]. This effect was observed with a high daily fructose intake (\>80 g/day).

### 3.2.2. PCSs {#sec3dot2dot2-nutrients-10-00989}

One PCS showed an association between sugar intake and markers of insulin resistance \[[@B52-nutrients-10-00989]\] and two PCSs showed an association with the incidence of diabetes \[[@B53-nutrients-10-00989],[@B54-nutrients-10-00989]\]. These associations were markedly attenuated when data were adjusted for body weight, however.

### 3.2.3. RCTs {#sec3dot2dot3-nutrients-10-00989}

Three meta-analyses concluded that substituting fructose for sucrose or starch significantly decreased post-prandial or day-long blood glucose and glycated haemoglobin concentrations in healthy subjects and in subjects with type 2 diabetes \[[@B55-nutrients-10-00989],[@B56-nutrients-10-00989],[@B57-nutrients-10-00989]\]. This was found with low daily fructose amounts, inferior to 90 g/day.

### 3.2.4. Conclusions {#sec3dot2dot4-nutrients-10-00989}

Based on the reviewed literature, we found that high fructose intake (\>80 g/day) is associated with hepatic insulin resistance without hyperglycemia but is not associated with impaired insulin-mediated glucose disposal (which is a hallmark of type 2 diabetes mellitus) independently of changes in body weight. Consequently, we conclude that there was no evidence for a link between sugar intake and diabetes or impaired glucose homeostasis. In this context, the association between sugar intake and incidence of diabetes reported in cohort studies may be mediated by body weight gain. The very long-term effects of sugars on insulin sensitivity, insulin secretion, and glucose homeostasis remain unknown, however.

3.3. Blood Lipids and Cardiovascular Diseases {#sec3dot3-nutrients-10-00989}
---------------------------------------------

The literature search did not provide strong evidence for a link between sugar consumption and LDL cholesterol or HDL cholesterol. There was, however, a link between sugar consumption and fasting and post-prandial triglyceride concentrations, which are recognized as independent predictors of cardiovascular diseases \[[@B58-nutrients-10-00989],[@B59-nutrients-10-00989]\].

### 3.3.1. Mechanistic Studies {#sec3dot3dot1-nutrients-10-00989}

After reviewing the scientific literature pertaining to mechanisms responsible for a fructose-induced increase in blood triglyceride concentration, the WG observed that no single unequivocal mechanism had been identified. Fructose has long been known to stimulate de novo lipogenesis \[[@B60-nutrients-10-00989]\], but this effect is shared with glucose \[[@B61-nutrients-10-00989]\] and maltodextrins \[[@B62-nutrients-10-00989]\]. That stimulation of hepatic de novo lipogenesis contributes to the development of hypertriglyceridemia has been suggested by mechanistic studies showing that ^13^C carbons from ingested ^13^C-labelled fructose can be recovered in glycerol and fatty acids of blood triglycerides immediately after a meal \[[@B63-nutrients-10-00989]\]. In addition, it has been observed that fructose may decrease postprandial triglyceride-rich lipoprotein clearance; a lower postprandial insulin response with fructose compared to starch or glucose may contribute to this effect through lower stimulation of adipose lipoprotein lipase \[[@B26-nutrients-10-00989],[@B63-nutrients-10-00989]\]. Additional effects of fructose on triglyceride-rich lipoprotein kinetics cannot be ruled out.

### 3.3.2. PCSs {#sec3dot3dot2-nutrients-10-00989}

Two prospective cohort studies \[[@B35-nutrients-10-00989],[@B64-nutrients-10-00989]\] reported an association between sugar-sweetened beverage consumption and the development of hypertriglyceridemia in the general adult population. The data available from these studies, however, do not allow this effect to be attributed unequivocally to sugar intake independently of total energy intake.

### 3.3.3. RCTs {#sec3dot3dot3-nutrients-10-00989}

Fourteen RCTs were identified during the period covered by the WG assessment. These studies compared blood lipid concentrations after a fructose-containing sugar supplementation (fructose, fructose + glucose, sucrose or high fructose corn syrup) to pre-supplementation values, or to supplementation with glucose or fat. All studies reported an increase in fasting or postprandial blood triglyceride with supplementation \[[@B6-nutrients-10-00989],[@B8-nutrients-10-00989],[@B19-nutrients-10-00989],[@B21-nutrients-10-00989],[@B26-nutrients-10-00989],[@B27-nutrients-10-00989],[@B29-nutrients-10-00989],[@B30-nutrients-10-00989],[@B31-nutrients-10-00989],[@B65-nutrients-10-00989],[@B66-nutrients-10-00989],[@B67-nutrients-10-00989]\]. In addition, one study reported increased blood LDL cholesterol and apoB \[[@B6-nutrients-10-00989]\]. Two meta-analyses of RCTs published before 2006 and 2009, respectively, also reported that fructose intake is associated with increases in fasting and postprandial blood triglyceride in healthy subjects \[[@B57-nutrients-10-00989]\] and subjects with type 2 diabetes \[[@B57-nutrients-10-00989],[@B68-nutrients-10-00989]\]. These two meta-analyses furthermore identified that postprandial blood triglyceride concentrations increase with daily fructose intakes of 50--60 g or above. One of them \[[@B57-nutrients-10-00989]\] also found that fasting blood triglyceride increases with daily fructose intake of 100 g or above.

### 3.3.4. Conclusions {#sec3dot3dot4-nutrients-10-00989}

Based on the reviewed literature summarized above, we conclude that there is no association between sugar intake and LDL or HDL cholesterol. In contrast, there is an association between sugar intake and fasting and postprandial blood triglyceride concentration, which are independent cardiovascular risk factors. The minimal daily fructose dose associated with increased postprandial triglyceride concentration is estimated to be 50 g/day, corresponding to a fructose content of 100 g of sugar.

3.4. Intrahepatic Lipids and Non-Alcoholic Fatty Liver Disease {#sec3dot4-nutrients-10-00989}
--------------------------------------------------------------

Non-Alcoholic Fatty Liver Disease (NAFLD) is highly prevalent in affluent countries and shows a close association with insulin resistance and cardiometabolic risk factors. Several authors have suggested that this disease may be primarily due to excess dietary sugar intake.

### 3.4.1. Mechanistic Studies {#sec3dot4dot1-nutrients-10-00989}

Several short-term supplementation studies have shown that the addition of fructose to the diet significantly increases intrahepatic fat concentrations \[[@B21-nutrients-10-00989],[@B22-nutrients-10-00989],[@B29-nutrients-10-00989],[@B31-nutrients-10-00989],[@B69-nutrients-10-00989],[@B70-nutrients-10-00989]\]. These studies involved the addition of large amounts of fructose to weight-maintenance diets. Two studies, however, did not observe any significant effect with about 100 g or 150 g fructose per day for 4 weeks. \[[@B19-nutrients-10-00989],[@B30-nutrients-10-00989]\]. One study observed that hypercaloric diets containing either 30% fructose or 30% glucose caused similar increases in intrahepatic fat concentration compared to a weight-maintenance low-sugar diet. Another observed that isocaloric substitution of 30% starch with either fructose or glucose in a weight-maintenance diet did not change intrahepatic fat concentration significantly \[[@B71-nutrients-10-00989]\]. This effect may, therefore, be related to excess energy intake or excess carbohydrate intake rather than to fructose per se.

### 3.4.2. PCSs {#sec3dot4dot2-nutrients-10-00989}

We did not retrieve any PCSs that had assessed the association between sugar consumption and NAFLD during the ANSES assessment period. One case-control study reported that sugar consumption was higher in a group of patients with NAFLD than in unaffected controls \[[@B72-nutrients-10-00989]\]. One cross-sectional study of 2003 subjects reported an inverse correlation between fructose consumption and a score of intrahepatic fat content based on blood clinical chemistry \[[@B73-nutrients-10-00989]\]. One retrospective study \[[@B74-nutrients-10-00989]\] indicated that, among 427 patients with non-alcoholic fatty liver disease, fructose intake was significantly associated with the degree and severity of hepatic fibrosis.

### 3.4.3. Conclusions {#sec3dot4dot3-nutrients-10-00989}

Based on the reviewed literature summarized above, we conclude that a very high fructose intake can increase the intrahepatic fat concentration, but that the scientific data available at the time of assessment is, to date, not sufficient to assess the association between sugar intake and NAFLD. We nonetheless acknowledge that fructose or sucrose can induce oxidative stress and trigger the formation of aldehydes in the liver of rodents \[[@B75-nutrients-10-00989],[@B76-nutrients-10-00989]\], and that these effects, if present in humans, may favor liver inflammation and promote the progression of a hepatic steatosis to a steatohepatitis.

3.5. Blood Uric Acid Concentration {#sec3dot5-nutrients-10-00989}
----------------------------------

### 3.5.1. Mechanistic Studies {#sec3dot5dot1-nutrients-10-00989}

Rodent studies have indicated that fructose-induced increases in uric acid concentration impair endothelial cell function and cause "vascular" insulin resistance \[[@B77-nutrients-10-00989]\]. One study performed in overweight middle-aged men further suggested that the same effects are present in humans \[[@B78-nutrients-10-00989]\].

### 3.5.2. PCSs {#sec3dot5dot2-nutrients-10-00989}

Two prospective cohort studies, one on 46,393 North American men \[[@B79-nutrients-10-00989]\] and one on 78,906 North American women \[[@B80-nutrients-10-00989]\] reported that the consumption of sugar-sweetened beverages is associated with the development of gout. This association remained significant after adjustment for body weight.

### 3.5.3. RCTs {#sec3dot5dot3-nutrients-10-00989}

We identified four intervention studies involving dietary supplementation with fructose \[[@B21-nutrients-10-00989],[@B22-nutrients-10-00989],[@B30-nutrients-10-00989],[@B81-nutrients-10-00989]\]. Three of them reported an increase in blood uric acid after fructose \[[@B21-nutrients-10-00989],[@B22-nutrients-10-00989],[@B81-nutrients-10-00989]\]. Two studies included a comparison between a high fructose diet and a high glucose diet. One (81) reported a higher increase in blood uric acid concentration with fructose than with glucose, whereas the other \[[@B22-nutrients-10-00989]\] reported similar effects with fructose and glucose. One meta-analysis \[[@B82-nutrients-10-00989]\] of 21 RCTs with fructose intake for more than 7 days concluded that the uric acid concentration did not change when fructose isocalorically replaced other dietary carbohydrates (18 studies), but increased significantly when high amounts of fructose (213--219 g/day) were added to a weight-maintenance diet (three studies).

### 3.5.4. Conclusions {#sec3dot5dot4-nutrients-10-00989}

The reviewed literature provided somewhat conflicting information. On one hand, mechanistic studies and RCTs indicate that sugar interventions are not associated with changes in uric acid concentration, unless they involve very large amounts of fructose together with excess total energy intake. Even under such extreme conditions, the increase in blood uric acid concentration is of small magnitude, and long-term consequences on health remain unknown. On the other hand, the consumption of sugar-sweetened beverages (SSBs) is associated with the development of gout in PCSs. We, therefore, conclude that there is currently insufficient information to conclude an association between sugar intake and blood uric acid concentration.

3.6. Recommendations Issued in the Final ANSES Report {#sec3dot6-nutrients-10-00989}
-----------------------------------------------------

Based on the review of the literature (summarized in [Table S1](#app1-nutrients-10-00989){ref-type="app"}), we conclude that there is strong evidence that sugar intake is associated with body weight gain and with the development of hypertriglyceridemia, hepatic insulin resistance, hyperuricemia, and with an increased intrahepatic fat content. We also found indirect evidence that it may be associated with increased risks of diabetes and cardiovascular diseases. It was not possible to accurately identify the level of intake above which sugars exert deleterious effects on diseases-related outcomes. We nevertheless considered it necessary to propose a maximum limit to sugar intake. Our literature review indicates that the lowest daily fructose intakes with significant documented effects are 50 g/day for blood triglycerides, 80 g/day for hepatic insulin resistance, \>150 g/day for intrahepatic fat, and \>200 g/day for uric acid. In addition, for intrahepatic fat and uric acid, these thresholds were valid only in trials in which high fructose intake was associated with energy intake above requirement. We, therefore, selected a daily intake of 100 g sugar as an upper limit, assuming that fructose constitutes close to 50% of most commonly consumed sugars.

3.7. Major Advances in the Field Since the End of the Assessment (May 2015) {#sec3dot7-nutrients-10-00989}
---------------------------------------------------------------------------

Many publications on the health effects of sugars were published during the period elapsed between the end of the current assessment and the time that this summary was written. Here, we review all meta-analyses addressing sugar intake and health outcomes in the general population and published between May 2015 and December 2017 in order to assess whether some of our conclusions should be revised based on novel findings. Individual studies (included in these meta-analyses or not) were, however, not reviewed.

One meta-analysis of eleven PCSs concluded that the risk of obesity is significantly higher in subjects consuming sugar-sweetened sodas than in those who do not consume sodas. Three of these studies also observed that the consumption of artificially-sweetened sodas is also associated with an increased risk for obesity \[[@B83-nutrients-10-00989]\]. One meta-analysis of eight RCTs reported an increased risk of hypertension in high vs. low SSB consumers; this association was significant for both males and females \[[@B84-nutrients-10-00989]\]. Two other meta-analyses, each including six PCSs, observed a dose-dependent increase in blood pressure with increasing SSB consumption \[[@B85-nutrients-10-00989],[@B86-nutrients-10-00989]\]. Similarly, an association between SSB intake and the risk of coronary and cardiovascular diseases was mentioned in other meta-analyses \[[@B86-nutrients-10-00989],[@B87-nutrients-10-00989],[@B88-nutrients-10-00989]\]. In most of these meta-analyses, the association was attenuated, but remained significant, after adjustment for adiposity indices. One meta-analysis of 17 PCSs reported an association between SSB consumption and the risk of type 2 diabetes independently of adiposity \[[@B89-nutrients-10-00989]\]. Another meta-analysis of eight PCSs \[[@B90-nutrients-10-00989]\] specifically assessed the association between fruit juice consumption and the risk of type 2 diabetes. It reported that the consumption of fruit juices with added sugar, but not 100% fruit juice, was associated with a risk of diabetes. The association between sugar-sweetened beverages and the risk of developing NAFLD was reported in one meta-analysis of seven PCSs \[[@B91-nutrients-10-00989]\]. The relative risk of NAFLD was significantly increased with SSBs, even after adjustment for body weight and other confounding factors. The effect of adding fructose on blood lipids was reported in a meta-analysis of 51 isocaloric fructose replacement and eight hypercaloric fructose addition studies. It concluded that hypercaloric fructose increases blood triglyceride and apoB100 concentrations, while isocaloric fructose does not alter blood lipid parameters \[[@B92-nutrients-10-00989]\]. The relationship between fructose consumption and the incidence of group was assessed in a meta-analysis of two PCSs. It was concluded that fructose consumption is associated with an increased risk of developing gout, but the relationship between fructose intake and uric acid concentration blood uric acid concentrations was not assessed \[[@B93-nutrients-10-00989]\].

We, therefore, did not identify novel meta-analysis that contradicted our initial conclusions. In line with the data available at the time we performed our assessment, these recent publications further document that the association between sugar and risk of cardiovascular and metabolic diseases is, at least in part, independent of sugar-induced changes in body weight. Most of them specifically addressed SSBs and cannot be extrapolated to total sugar consumption. In addition, associations may be explained, in part, by confounding factors, such as eating habits or other uncontrolled lifestyle variables.

4. Discussion {#sec4-nutrients-10-00989}
=============

Similar assessments of the health effects of dietary sugars have been made in parallel by several other regional, national, or international agencies, which released their conclusions almost simultaneously. The World Health Organisation ( WHO) report \[[@B94-nutrients-10-00989]\] recommended that free sugar intake should represent less than 10% total energy for children and adults (corresponding to about 50 g/day for a woman with a daily energy requirement of 2000 kcal/day and about 60 g/day for a man with a daily energy requirement of 2500 kcal/day). The report made an additional, conditional recommendation to lower it further to 5%. The UK SACN report \[[@B95-nutrients-10-00989]\] recommended that free sugar intake should be less than 5% of total energy for age groups \>2 years. The recent US Department of Agriculture dietary guidelines for Americans recommended that added sugar intake should not exceed 10% of total energy intake \[[@B96-nutrients-10-00989]\].

Although all reports were drawn up on the basis of very similar literature research, they differ somewhat in the way information was handled. WHO and UK Scientific Advisory Committee on Nutrition (SACN) recommendations were essentially based on prospective cohort studies and randomized clinical trials, and hence, were based on clinical and epidemiological information. This approach has the advantage of resting on data from very large samples of representative subjects of the general population. However, it has the major weakness that prospective cohort studies rely on unreliable quantitative assessment of food intake, and hence, may yield erroneous estimates of dose--response relationships. Our approach put more emphasis on mechanistic studies and RCTs to assess thresholds of intake above which sugar intake may negatively impact NCD risk factors. An early step of this procedure was to postulate that the specific effects of sugars are attributed to their fructose component and to rely on studies having assessed the effects of pure fructose to obtain reliable such thresholds. One potential bias of this approach is that it assumes that the effect of 50 g of fructose can be extrapolated to the effect of 100 g sucrose.

Another major difference was that we assessed the effects of total sugars rather than "added sugars" (USA) or "free" sugars (WHO, SACN). The definition of "added" or "free" sugars remains debated, and can show considerable variation, however \[[@B97-nutrients-10-00989]\]. Indeed, in many studies, the description of "added" is insufficiently accurate for analysis. Of course, there is strong evidence that fruit and vegetable consumption is associated with beneficial effects on NCD risk. The available data are, however, insufficient for assessing the specific effects of sugars contained in fruits and vegetables on the total sugar-induced metabolic and health effects, since the beneficial effects of these foods may be linked to other factors (micronutrients, dietary fibers, feeding pattern, or low caloric density). Concerning lactose and galactose, which are the main other sugars naturally present in foods and consumed by the general population, systematic assessment of their health effects is not available. However, there are no data suggesting that they are deleterious to health at the current level of consumption observed in the population. Based on these considerations, the recommendation has been established on total fructose-containing sugars.

Accordingly, the new French recommendations set an upper limit of 100 g total sugar/day but reiterate that fruit and vegetable intakes are to be promoted \[[@B98-nutrients-10-00989]\]. The optimisation tool deployed by ANSES to update food consumption guidelines for the French population (ANSES, 2017) shows that when these two constraints are observed simultaneously (with 41 dietary reference values and toxicological reference values for around a hundred contaminants) fruits provide around 40 g of sugars, and vegetables provide 6 g of sugars. This result is consistent with a daily amount of free or added sugars in the 5--10% TEI range, and thus fits with the WHO and SACN recommendations.

5. Conclusions {#sec5-nutrients-10-00989}
==============

In light of the assessment carried out by the WG, the ANSES Expert Committee (CES) on "Human Nutrition" concluded that there is a clear association between sugar intake and weight gain. The effect of sugars is mediated by the excess energy intake. Moreover, the CES concluded that there is a clear association between the intakes of dietary sugars and blood lipids. Concerning other health effects, there is no strong scientific evidence of a direct association between sugar consumption and diabetes, NAFLD, or CVD. However, epidemiological studies and plausible pathophysiological mechanisms raise concerns that sugar consumption may have adverse health effects. This has mainly been documented for SSBs. Whether sugar-sweetened drinks are less satiating per se than solid sugars and thereby, subsequently contribute to increases in energy intake through a reduced dietary energy compensation needs to be documented more thoroughly by mechanistic studies.

On the basis of presently available data, it is not possible to distinguish the health effects of sugars naturally present in food from those of added sugars. In this context, the CES recommends that total daily sugar intake (including five portions of fruits and vegetable but excluding lactose and galactose from dairy products) should not exceed 100 g/day. It should be noted that this value has only been set here for adult subjects. Additional recommendations should be established specifically for the vulnerable population of children and adolescents. From a public health policy perspective, compliance with this threshold value of 100 g/day requires effective measures aimed at reducing the consumption of added sugars. These actions should concern a wide range of spheres, from consumer education and information to regulatory measures, and these actions should be carried out in synergy. In the meantime, the research community should pursue its efforts to clarify the nature of the relationship between sugar consumption and the associated pathologies, especially in vulnerable populations, such as children and adolescents, and to explore fields that are less documented, such as cognitive psychology or neurophysiology.
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